Calcium carbonate and its polymorphs from cockle shells (Anadara granosa) and commercial calcium carbonate were characterised using a variable pressure scanning electron microscopes (VPSEM), a transmission electron microscope (TEM), an energy dispersive X-ray analyser (EDX), X-ray diffraction (XRD) and Fourier transmission infrared spectroscopy (FT-IR). Cubic-like calcite crystals of commercial calcium carbonate and rod-like aragonite crystals of cockle shell powders were observed by both SEM and TEM. The EDX results showed that the cockle shells contained more calcium and carbon than the commercial calcium carbonate, whereas the commercial calcium carbonate contained more oxygen than the cockle shells. FT-IR analyses revealed the presence of carbonate groups in both the cockle shells and the commercial calcium carbonate. FT-IR analyses also showed the presence of aragonite in the cockle shells and calcite in the commercial calcium carbonate. XRD analyses showed that the cockle shells powder contained aragonite, whereas the commercial calcium carbonate contained calcite. The cockle shells powder was formed with good quality calcium carbonate and contained calcium carbonate in the aragonite phase.
Introduction
In past decades, biomaterials have been widely used in medicine. For example, calcium phosphate was found to be similar to human bone and teeth, and later it was successfully used in repair of bone coloboma [1] . Calcium carbonate (CaCO 3 ) is one of the most abundant minerals in nature and has three polymorphs: calcite, aragonite and vaterite [2] . The industrial applications of CaCO 3 are wide ranging, including paper, paints, inks, plastics, medicines, feedstuff, adhesives and rubbers [3] . Many approaches have been developed to control the phases and morphologies of calcium carbonate. Previous methods mainly focused on the study of the organic additives, such as the formation of sponge like vaterite in the presence of sodium dodecyl sulphate [4] ; the deposition of calcium carbonate on decalcified eggshell membranes with acidic polymers, such as polyaspartic acid [5] ; the growth of calcium carbonate containing thiols and fatty acids with double-hydrophilic block copolymers (DHBCs) [6] [7] [8] ; solvothermal growth of vaterite in the presence of glycol, 1, 2-propanediol and glycerin [9] ; and the crystallisation of needle-like vaterite calcium carbonate using the cooperative effect between Mg2+ 89 and gold nanoparticles [10] . Aragonite is one of the least abundant crystalline polymorphs of calcium carbonate created in laboratories. Natural aragonite is produced from biogenic origins, and thus, many mineralized organisms selectively produce calcium carbonate in this crystal structure [11] . Aragonite is also a useful biomedical material because it is denser than calcite and can be integrated, resolved and replaced by bones [12] . Many studies have shown that the properties of aragonite, such as the particle size and shape depend strongly on the preparation methods and conditions [13] . Studies extensively report that aragonite formation uses soluble carbonate and calcium salts as initial materials and requires the presence of all kinds of organic substrate [14] or other, doubly charged ions. However, other studies have also been concerned with the influence of inorganic additives, such as Mg2+, Fe2+, Ni2+ and Zn2+, on the formation of calcium carbonates [15, 16] . CaCO 3 polymorphs can also be synthesised by careful control of the pH, supersaturation [17] or conductivity [18] . Though the development of CaCO 3 and its polymorphs has been Contents lists available at ScienceDirect Powder Technology j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / p ow t e c intensely investigated, many resources and methods are yet to be discovered for the derivation of these products. Cockle shells are being used to produce scaffold to repair fractured bone. No report is available on the characterisation of this substance.
The aim of this experiment was to characterise calcium carbonate and its polymorphs from cockle shells. A simple mechanical grinding method was adopted to prepare CaCO 3 from cockle shells without any additives like surfactants.
Experimental

Preparation of cockle shells powder
Approximately 250 g of cockle shells were washed, scrubbed to remove dirt, boiled for 10 min and cooled at room temperature. The shells were then washed thoroughly with distilled water and dried in an oven (Memmert UM500, GmbH Co, Germany) for seven days at 50°C. The cockle shells were ground using a blender (Blendor, HCB 550, USA). The powders were sieved using a stainless laboratory test sieve with an aperture size of 90 μm (Endecott Ltd., made in London, England) to obtain micron size powders. The powders were dried again in an oven for 10 h to prepare it for grinding. The powders were ground, reducing their diameter, using a mortar and pestle (Agate Top diameter 90 mm). The powders were dried again in an oven for seven days at 50°C and packed in a polyethylene plastic bag (JP Packaging). For comparison, commercial calcium carbonate was purchased from Analytical Univar with reagent pure of 99%. This calcium carbonate was dried in an oven at 50°C for seven days to remove any moisture.
Analysis
Surface morphological changes on the samples were studied using a variable pressure scanning electron microscope (VPSEM, LEO 1455, Germany) after coating the powder with gold. TEM (Hitachi H-7100, Japan) was also used to observe the crystals shape. For TEM analysis, the powders were dispersed in absolute alcohol, dropped onto carbon-cover copper grids placed on a filter paper and dried at room temperature. The elemental analysis was carried out using an energy dispersive X-ray analyser (EDX, model 7353, England), which was directly connected with the VPSEM. Its environmental mode was similar to that of the SEM analysis. The composition, purity and the structure of the powder were investigated by an X-ray powder diffractometer (Shimadzu XRD-6000 powder diffractometer using CuKα (λ = 1.540562 Å) at 40 kV and 30 mA). Chemical analyses were carried out using a Fourier transform infrared (FT-IR) spectrophotometer (Model 100 series, Perkin Elmer) over a range of 4000 cm − 1 to 280 cm − 1 at a 2 cm − 1 resolution and averaging 64 scans.
Results and discussion
3.1. The surface morphology and crystal structure of commercial calcium carbonate and cockle shells powder Fig. 1 depicts the surface morphology of the commercial calcium carbonate and cockle shells powder as studied by VPSEM. Micron sized cubic-like calcite crystals were observed in the commercial calcium carbonate (Fig. 1a) , whereas rod-like aragonite crystals were found in the cockle shells powder (Fig.1b) . Fig. 2 delineates nanosized crystals shape in the commercial calcium carbonate and cockle shells powder as characterized by TEM. Nanosized cubic-like calcite crystals were observed in the commercial calcium carbonate (Fig. 2a) , whereas nanosized rod-like aragonite crystals were observed in the cockle shells powder (Fig. 2b ). This agrees with the results of previous studies [19, 20] , in which the cubic-like calcite and rod-like aragonite were observed. Table 1 shows the elemental content of commercial calcium carbonate and cockle shells powder as determined by EDX. These findings showed that the cockle shells powder contained more calcium, carbon and other trace elements than the commercial calcium carbonate, whereas commercial calcium carbonate contained higher oxygen than cockle shells powder.
Elemental analysis of commercial calcium carbonate and cockle shells powder
Calcium carbonate exists in three forms, calcite, aragonite and vaterite. The calcite crystals formed as a result of the carbonation of Ca(OH) 2 without organic substrate [19] . Calcium ions interact with the amide group and nucleate the calcite crystals. The vaterite and aragonite crystals formed as a result of pre-adsorption of organic substrates or additives on the surface. It is also known that the formation of the stabilized vaterite phase requires strong Ca-O interaction with the additive or the substrate surface. The acid or alkali treatment of the surfaces increases the number of polar functional groups such as carboxylate and amino groups which are known to interact strongly with polar organic molecules through hydrogen bonds. This may result in the accumulation of organic molecules on the surface, which induce the nucleation of aragonite crystals [21] .
FT-IR patterns of the commercial calcium carbonate and cockle shells powder
The FT-IR spectra from the commercial calcium carbonate and the cockle shells powder were composed of an organic matrix and a mineral phase with numerous bands from 4000 cm − 1 to 280 cm − 1
. A Fig. 1 . The surface morphology of (a) the commercial calcium carbonate powder and (b) the cockle shells powder were studied using VPSEM. Aggregated cubic-like calcite crystals were observed in the commercial calcium carbonate, whereas rod-like aragonite crystals were found in the cockle shells powder.
prominent absorption peak of carbonate was observed at 1391 cm
and 1455 cm − 1 in commercial calcium carbonate and cockle shells ( Fig. 3a and b) , respectively, attributed from alkyl group. The other functional groups, represented by the smaller absorption bands in both the commercial calcium carbonate and cockle shells powder, were amide (1794 cm − 1 ) and carboxylic acid (2520 cm
). The FT-IR results also showed the absorption peak of calcite at 875 cm − 1 of CO 3 − 2 in the commercial calcium carbonate (Fig. 3a) . The absorption peaks of aragonite were found at 1082 cm − 1 and 857 cm − 1 of CO 3 − 2 in the cockle shells powder (Fig. 3b) . This agrees well with the results reported by Choi et al. [22] , in which they observed the absorption peak of calcite at 875 cm − 1 and the absorption peaks of aragonite at 1082 cm − 1 and 857 cm − 1 of CO 3 − 2 .
XRD patterns of the commercial calcium carbonate and cockle shells powder
All of the peaks in the commercial calcium carbonate were matched with the calcite phase (Fig. 4a and Joined Committee on Powder diffraction society (JCPDS) file no. 00-047-1743) (figure not shown). Results show that the cockle shells powder contained the peaks of CaCO 3. XRD also revealed that all peaks in the cockle shells powder were matched with the aragonite phase ( Fig. 4b and JCPDS file no.00-041-1475). From the XRD pattern, it was observed that the commercial calcium carbonate contained calcite, whereas the cockle shells powder contained a phase of aragonite. This is in agreement with the results from Fig. 3 .
Conclusions
The valuable natural mineral calcium carbonate and its polymorph (aragonite) from cockle shells were characterised. Cubic-like calcite crystals in the commercial calcium carbonate and rod-like aragonite crystals in the cockle shells powder were observed by both VPSEM and TEM. FT-IR and XRD data demonstrated the presence of calcite in the commercial calcium carbonate and aragonite in the cockle shells powder. The cockle shells powder also contained a large amount of calcium and carbon, which are essential for bone mineralisation. Aragonite is formed from biogenic origin and many mineralised organisms contain calcium carbonate in this crystal structure. Thus, Fig. 2 . TEM of (a) the commercial calcium carbonate powder and (b) the cockle shells powder delineates nanosized crystals in the commercial calcium carbonate and cockle shells powder. Nanosized cubic-like calcite crystals were observed in the commercial calcium carbonate, whereas nanosized rod-like aragonite crystals were observed in the cockle shells powder. Transmittance / % Fig. 3 . FT-IR spectra of (a) the commercial calcium carbonate and (b) the cockle shells powder. The absorption peak of calcite was observed in the commercial calcium carbonate, whereas the absorption peaks of aragonite were found in the cockle shells powder.
there are many opportunities for the development of this valuable natural mineral substance and its polymorphs from the cheap mineral resource like cockle shells and can be used in many fields, such as in industry, medicine and bone biomaterials.
